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EGR SYSTEM FLEXBLE GAS 
CONNECTION JOINT 

RELATION TO COPENDING PATENT 
APPLICATION 

This patent application claims priority of U.S. Provisional 
Patent Application No. 60/346,169 filed on Oct. 24, 2001. 

FIELD OF THE INVENTION 

The present invention relates to exhaust gas recirculation 
(EGR) systems, and more particularly, to an EGR System 
flexible gas connection pipe joint. 

BACKGROUND OF THE INVENTION 

EGR Systems are designed to recirculate exhaust gas 
generated by an internal combustion engine back into an 
engine intake Stream. Since the exhaust gas exiting the 
engine is already combusted, it does not combust or burn 
again when it is recirculated back into the combustion 
chamber, thereby acting to displace Some of the normal 
intake charge. The effect of adding Such exhaust gas to the 
intake charge operates to chemically slow and cool the 
combustion proceSS by Several hundred degrees, thereby 
acting to reduce NOX formation. 

For this reason, EGR Systems have gained widespread 
acceptance and application for use with the many different 
types of gasoline and diesel internal combustion engines that 
are used to power vehicles Such as cars and trucks. The 
addition of Such an EGR System to heavy duty diesel engines 
requires that an additional exhaust connection port be con 
figured that is positioned upstream of the turbocharger, i.e., 
before the entry point of exhaust gas from the engine into the 
turbine housing. The new connection port can either be 
configured as part of the turbocharger or as part of the 
exhaust manifold. 

In Such an EGR System application, the new connection 
port is coupled to an EGR valve (or other EGR system 
device) via Suitable metal piping. A problem that arises with 
this connection configuration, however, is the fact that the 
two ends of the EGR System exhaust connection, i.e., 
between the hot pipe end from the connection point on the 
turbocharger or the exhaust manifold itself and the pipe 
connected to the EGR valve, are made from different types 
of metallic materials and/or are exposed to different oper 
ating temperatures, thereby having different thermal expan 
Sion and contraction characteristics during engine operation. 
Such differences in thermal expansion and contraction char 
acteristics are know to cause three-dimensional movement 
between the two connection points, making the task of 
providing a leak-tight Seal between the two very challeng 
ing. 

Because the pipe does not run parallel to the engine, it 
does not expand in two dimensions, but rather expands and 
moves in a three-dimensional vector Space. This makes the 
connecting joint challenging because one cannot use tradi 
tional slip joints as are used on exhaust manifolds. 

It is, therefore, desirable that a new joint connection be 
configured that is capable of accommodating three 
dimensional movement between the connecting ends of an 
EGR System known to occur during engine operating cycles. 
It is further desired that such new joint connection be 
relatively easy to install, without the need for Special instal 
lation tools and the like. 

SUMMARY OF THE INVENTION 

The present invention is directed to a flexible joint for use 
in transporting exhaust gas in an EGR System. The flexible 
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2 
EGR joint or coupling is designed to accommodate the 
three-dimensional movement of connecting members 
caused from thermal effects of engine operation. A flexible 
connection joint, for use in an internal combustion engine 
exhaust gas transport System, comprises a hot pipe or 
connection with an exhaust gas Source. The hot pipe has a 
first end for connecting with the exhaust gas Source, and a 
Second oppositely positioned end for connecting with an 
exhaust gas receiving member. The hot pipe Second end has 
a generally cylindrical outside Surface. 
The flexible EGR joint includes an adapter that is coupled 

to the hot pipe Second end for receiving exhaust gas there 
from. The adapter comprises a cylindrical inside diameter, 
and the hot pipe Second end is disposed within the cylin 
drical inside diameter. 
A key feature of this invention is the fact that the hot pipe 

Second end has a radiused, i.e., barrel-shaped, outside Sur 
face. This radiused Surface configuration is provided to 
enable lateral, i.e., three-dimensional, movement of the hot 
pipe Second end within the adapter, thereby operating to 
accommodate the actual thermally-affected movement of the 
connection members. 
A Sealing means is interposed between the hot pipe end 

and the adapter to ensure a leak-tight Seal therebetween 
during Such movement. The Sealing means can be in the 
form of a Sealing ring that resides within a ring groove 
disposed within the hot pipe end outside Surface. 
Alternatively, the Sealing means can be in the form of one or 
more Sealing rings or washers that are disposed around the 
hot pipe end outside Surface. In either case, the Sealing 
means operates to provide a leak-tight Seal, thereby prevent 
ing the leakage of gas between opposed concentric hot pipe 
and adapter Surfaces. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The aspects of the present invention are more readily 
understood when considered in conjunction with the accom 
panying drawings and the following detailed description 
wherein: 

FIG. 1 is a Schematic diagram of an internal combustion 
engine System having a turbocharger and an EGR System; 

FIG. 2 is a schematic side view of a hot pipe end 
constructed according to an embodiment of the present 
invention that is positioned alongside an alternative hot pipe 
end of this invention; 

FIG. 3 is a cross sectional side view of a hot pipe end 
constructed according to an embodiment of the present 
invention; 

FIG. 4 is a croSS Sectional Side view of an adapter 
according to a first embodiment of the present invention; 

FIG. 5 is a cross sectional side view of an adapter 
according to a Second embodiment of the present invention; 

FIGS. 6A-6C are schematic views of an adapter, a ring, 
and a hot pipe end, respectively, each constructed according 
to an embodiment of the present invention; 

FIGS. 7A and 7B present hot pipe profile date for hot 
pipes constructed according to an embodiment of the present 
invention; 

FIG. 8 is a cross sectional side view illustrating a flexible 
connection joint of this invention provided by a hot pipe/ 
with ring coupled inside of an adapter; and 

FIG. 9 is a cross sectional side view illustrating a flexible 
connection joint of this invention provided by a hot pipe/ 
with washers coupled inside of an adapter. 

DETAILED DESCRIPTION 

Flexible EGR system connection joints of this invention 
generally comprise a hot side connection member (hot pipe) 
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and an EGR valve or EGR device side connection member 
(adapter) that are each configured in a complementary 
manner to accommodate three-dimensional movement 
between the respective connection member while also main 
taining a leak-tight Seal therebetween. 

Flexible EGR system gas connection joints of this inven 
tion are intended to be used with turbocharged or non 
turbocharged gasoline and/or diesel-powered internal com 
bustion engines. FIG. 1 illustrates a conventional 
turbocharged internal combustion engine System 5 compris 
ing an engine 10 having an intake manifold 12 and an 
exhaust manifold 14. In the illustrated embodiment, the 
engine includes a turbocharger 16, generally comprising a 
turbine 18 (for receiving exhaust gas from the engine 
exhaust manifold) and a compressor 20 (for receiving and 
compressing intake air before being routed for combustion 
in the engine). 

The engine 10 also includes an EGR System, generally 
designated as 32. The EGR system includes an EGR control 
valve 34 that is interposed between the turbocharger 16 and 
the engine 10 and connected therebetween by Suitable piping 
and/or manifolding. The EGR valve 34 operates to receive 
and regulate the proportion of exhaust gas that is taken from 
the exhaust manifold and either returned to the engine 
induction System for mixing with the intake air or directed 
to the turbine of the turbocharger. The EGR system com 
prises a flexible connection joint of this invention 36 for 
connecting a hot pipe 38 coming out of the exhaust manifold 
14 to the EGR valve 34, or possibly (in an alternative EGR 
System configuration) Some other type of EGR System 
device). The flexible connection joint of this invention is 
useful to provide a leak-tight connection in an EGR System 
between two connection members having different thermal 
expansion characteristics. 

FIG. 2 illustrates the difference that exists between a 
conventional EGR connection member 39, i.e., a hot pipe 
end, and a hot pipe end 40 constructed according to an 
embodiment of the present invention. As evident in FIG. 2, 
the conventional hot pipe 40 is configured having a Straight 
cylindrical Surface profile 42 that is designed to possibly 
accommodate only two-dimensional movement, i.e., con 
centric axially directed in-and-out sliding longitudinal 
movement with a complementary connection member. The 
hot pipe 40 of this invention, however, is configured having 
a radiused cylindrical Surface profile 4 to provide Some 
degree of lateral movement within a complementary con 
nection member in addition to the longitudinal movement to 
better accommodate the three-dimensional thermal-related 
movement between the connection members. 

As shown in FIG. 3, a hot pipe end 45, constructed 
according to an example embodiment of this invention, 
comprises a generally radiused outside cylindrical Surface 
45. The degree to which this surface is radiused will depend 
on many factors, Such as the Size of the pipe end, the type 
of material that is used, the particular use application, and 
the like. In an example embodiment, where the hot pipe end 
has an axial length of approximately 26 mm, an outside 
diameter of approximately 62 mm, and an inside diameter of 
approximately 44 mm, the outside Surface of the hot pipe 
end 45 is imparted with a radius of curvature of approxi 
mately 153 mm. 
A ring grove 48 is disposed a depth circumferentially 

within the outside Surface of the hot pipe, and is positioned 
axially generally along a midpoint of the Surface. The ring 
groove 48 is sized and configured to accommodate place 
ment of a sealing ring 50 therein. The sealing ring 50 is sized 
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4 
and shaped to reside in the groove and project radially 
outwardly therefrom, and away from the surface of the hot 
pipe, a defined distance to provide a Sealing interface with 
a complementary Sealing Surface of an adapter connection 
member. 

The hot pipe end is formed from a conventional metallic 
material, and may be made by machining a barrel shape into 
the outside Surface. In an alternative embodiment, the hot 
pipe end may be made through a net shaping process, Such 
as by powdered metal process. 
The hot pipe end is designed to be inserted into a 

complementary connection member that is hereby referred 
to as an adapter. An adapter 52, constructed according to a 
first embodiment of the present invention, is shown in FIG. 
4. Moving from left to right in FIG. 4, the adapter 52 
comprises a first end section 58 that is configured for 
coupling to an EGR System valve, other EGR System device, 
or EGR system transfer pipe (not shown). As shown in FIG. 
4, the adapter may include a flange 60 positioned adjacent to 
the first end Section 58 for facilitating connection with, e.g., 
an EGR valve. 
Moving axially away from the first section end 58, the 

adapter comprises a Second enlarged diameter Section 62 
comprising an inside cylindrical Surface having a diameter 
generally larger than that of the first Section end. The Second 
Section has a planar cylindrical Surface, i.e., constant inside 
diameter, that is sized (inside diameter and axial depth) to 
accommodate placement of the hot pipe end therein. In the 
example embodiment wherein the adapter is sized to 
complement the hot pipe end of FIG. 3, the adapted Second 
Section 62 is configured having an inside diameter of 
approximately 63 mm, an axial depth of approximately 30 
mm, and an outside diameter of approximately 77 mm. 

FIG. 5 illustrates a second embodiment adapter 63 of this 
invention. This adapter is generally similar to that described 
above and illustrated in FIG. 4, with respect to the size, 
configuration, and purpose of the Second Section 68, with the 
difference being in the shape of the first Section and respec 
tive mating flange. This particular adapter comprises a first 
Section 64 having a reduced inside diameter and a radially 
enlarged connecting flange 66, when compared to the 
adapter of FIG. 4. It is to be understood that the size and 
configuration of the first Section of adapters of this invention 
can and will vary depending on the particular use applica 
tion. 

In an embodiment of this invention, one or more rings are 
interposed between the concentrically arranged hot pipe end 
outside Surface and the adapter Second Section inside diam 
eter Surface to provide a leak-tight Seal therebetween. The 
ring or rings prevent leakage due to the Sealing forces of the 
ring against the inside of the adapter. 
A System utilizing a ring according to an embodiment of 

this invention is shown in FIGS. 6A, 6B, and 6C. FIG. 6A 
illustrates an adapter 70 of this invention having, for a 
Specific example application, an inner diameter of about 
62.76 mm. FIG. 6B illustrates a ring 72 of this invention 
having, for the same specific example application, having an 
outer diameter of approximately 62.71 mm. The ring 72 is 
made from metal and is configured having a piece removed 
therefrom to provide desired fitment, flexibility, and loading 
characteristics. 

FIG. 6C illustrates a hot pipe end 74 comprising a ring 
groove 76 disposed a desired depth into the outside Surface, 
at a location along the axial midpoint of the hot pipe, e.g., 
at a location on the hot pipe end where the external diameter 
is at a maximum. In the embodiment shown in FIG. 6C, the 
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adapter 70 has an inner diameter of about 62.76 mm, and the 
hot pipe end 74 has an outer diameter of about 61.74 mm, 
reflecting the radiused profile of the outside Surface. 

FIG. 7A sets forth in both tabular and graphical form data 
relating to the Surface profile of a hot pipe end of this 
invention configured for a particular application. Again, it is 
to be understood that such profile data is provided for 
purposes of reference only, to better understand and appre 
ciate the Specific Surface profile of the hot pipe end, and is 
Specific to a hot pipe configured for a particular application. 
Therefore, it is to be understood that hot pipes of this 
invention can and will have differently radiused surface 
profiles. 

For this particular embodiment, however, a hot pipe end 
has at a top end an outer diameter of about 55 mm. The outer 
Surface of the hot pipe end taperS outward until the outer 
diameter reaches a maximum of about 56 mm at a location 
about 6 mm from the end. The outer diameter remains flat at 
about 56 mm until about 10 mm from the end. The outer 
Surface then tapers inward until the Outer diameter reaches 
a minimum of about 55 mm again at a distance of about 22 
mm from the end. 

FIG. 7B presents hot pipe end profiles data in graphical 
form as a function of both hot pipe radius and vertical 
distance over width. 

FIG. 8 illustrates a flexible EGR system gas connection 
joint 78 of this invention comprising the hot pipe end 80, 
Sealing ring 82, and adapter 84 as described and illustrated 
above. Specifically, the flexible connection joint 78 is 
formed by placement of the hot pipe end 80 within the 
Second section of the adapter 84. The ring 82 is disposed 
within the hot pipe end ring groove and placed into Sealing 
interface with a concentric Surface of the adapter Second 
Section inside diameter Surface. In this particular example 
embodiment, a clearance in the range of from about 0.002 to 
0.1 mm is provided between the concentric hot pipe end and 
adapter Surfaces. This clearance is created by tapering each 
end of the hot pipe end 80 radially inwardly (provided by the 
radiused outside Surface profile) and by tapering an inner 
surface of the adapter 84 radially outwardly adjacent to 
adapter end 85. 
The clearance that is intentionally created between these 

cooperating connection members Serves not only to provide 
longitudinal in-and-out (i.e., two-dimensional) movement 
between the respective members, but provides a desired 
degree of lateral (i.e., three dimensional) movement between 
the respective members. Yet, the clearance is not So great So 
as to maintain the desired leak-tight Seal provided by the ring 
seal within the flexible joint. 

FIG. 9 illustrates an another embodiment of a flexible 
EGR system gas connection joint 90 of this invention. In this 
particular embodiment, the hot pipe end 92 is configured 
(rather than having a ring Seal disposed within a ring groove) 
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6 
having a number of washers 94 disposed around its outside 
surface. The washers 94 operate to both provide a leak-tight 
seal between the hot pipe end and inside diameter surface 96 
of the adapter 98, and to maintain such seal which accom 
modate the desired three-dimensional movement between 
the connecting members. 

Having now described the invention in detail as required 
by the patent Statutes, those skilled in the art will recognize 
modifications and Substitutions to the Specific embodiments 
disclosed herein, which modifications and Substitutions are 
understood to be within the Scope and intent of the present 
invention. 
What is claimed is: 
1. A flexible connection joint comprising: 
a hot pipe for connection with an engine exhaust gas 

Source, the hot pipe having a first end for connecting 
with the exhaust gas Source, and a Second oppositely 
positioned end for connecting with an exhaust gas 
receiving member; and 

an adapter coupled to the hot pipe Second end for receiv 
ing exhaust gas therefrom, the adapter comprising a 
Substantially cylindrical inside diameter, wherein the 
hot pipe Second end is disposed within the inside 
diameter; 

wherein an outside Surface of the hot pipe Second end is 
radiused for enabling three-dimensional movement of 
the hot pipe Second end within the adapter during 
operation of the engine. 

2. The flexible connection joint as recited in claim 1 
wherein the hot pipe and adapter are interposed between an 
engine exhaust manifold and an exhaust gas recirculation 
System valve. 

3. The flexible connection joint as recited in claim 1 
further comprising at least one Sealing member disposed 
Substantially circumferentially around the hot pipe Second 
end to provide a leak-tight Seal between the hot pipe Second 
end and the adapter. 

4. The flexible connection joint as recited in claim 1 
wherein the hot pipe and adapter are interposed between an 
engine exhaust manifold and a turbocharger. 

5. The flexible connection joint as recited in claim 3 
wherein Said at least one Sealing member comprises at least 
one item Selected from the group consisting of a ring, Sealing 
ring, and washer. 

6. The flexible connection joint as recited in claim 5 
wherein Said at least one Sealing member comprises metal. 

7. The flexible connection joint as recited in claim 3 
wherein Said outside Surface comprises at least one circum 
ferential groove to receive the at least one Sealing member. 

8. The flexible connection joint as recited in claim 7 
wherein Said at least one groove is located at a point of 
maximum outside diameter of the hot pipe Second end. 


